Recent studies of the projection pattern made by sensory neurons involved in mammalian pheromone reception have shown that there is a map of activation in the brain, but this pheromone map appears far more complex than the equivalent map in the main olfactory system responsible for the sense of smell.
Neurons in the main olfactory epithelium can be divided into about 1,000 different classes, each expressing a distinct member of a very large family of odorant receptors (reviewed in [3] ). Approximately 10,000 neurons express any one receptor in a random pattern within one of four broad zones of the epithelium. The mechanism by which the receptor is specified is unknown, but only one allele of a given gene is expressed in any neuron. In situ hybridization studies showed that the axons of olfactory neurons expressing a particular receptor protein converge in the olfactory bulb. Indeed, neurons co-expressing a lacZ marker gene with a given receptor send axons to two specific glomeruli in each lobe of the olfactory bulb [4] . Moreover, each glomerulus receives innervation from only one class of sensory neuron, and the relative positions of the glomeruli where neurons expressing particular receptors converge are fixed [3] . Odorants thus activate subsets of olfactory neurons to produce distinct patterns of activity in the olfactory bulb [5] .
How is this sensory map set up? And, because olfactory neurons turn over throughout life, how is the map maintained? Experiments in which receptor genes have been 'knocked out' or swapped by homologous recombination in mice have shown that the receptors themselves have several critical roles in this process. The replacement of a receptor gene with lacZ was found to mark neurons that do not focus at specific sites in the olfactory bulb; these lacZ-expressing neurons also have reduced life times or lower replacement rates, as the number of marked neurons decreases with age. The 'receptor swap' experiments showed that neurons focus at targets that are partly determined by the receptor a neuron makes [4] . It is not yet known how receptors mediate targeting, but knockout mice lacking components of the olfactory signaling pathway, and others lacking the projection neurons or interneurons, all have normal sensory maps. Thus neither olfactory signaling, nor the presence of specific synaptic targets, appears to be a critical determinant in the formation of the olfactory map.
Signaling in the vomeronasal organ uses distinct receptors and signaling pathways from the main olfactory epithelium, but again many classes of neurons containing different receptors are found. Two unrelated families, each of about 100 genes, encode candidate pheromone receptors [6] [7] [8] [9] . Furthermore, two G proteins, G o α and G i2 α [10] , are expressed in essentially non-overlapping populations of sensory neurons. Although one family of receptors, here referred to as V1Rs, is present in the G i2 α-neurons [6] , the other family, V2Rs, is found in neurons that contain G o α [7] [8] [9] (Figure 1) . Indeed, the first indications that there might also be focusing of neurons expressing particular receptors in the accessory olfactory bulb -the cortical target of neurons projecting from the vomeronasal system -came from the observation that neurons expressing G i2 α and those expressing G o α project to its anterior and posterior halves, respectively [10] .
The Mombaerts group [1] and the Dulac and Axel [2] groups used homologous recombination to modify genes for specific V1Rs, generating 'knockouts' where the gene was replaced by a marker and 'knockins' where the gene was modified to co-express the marker and receptor. To achieve marker and receptor co-expression, an internal ribosome entry site followed by a tau-lacZ or a tau-GFP marker gene was inserted immediately downstream of the receptor coding sequence. This results in transcription of a bicistronic message and expression of both the receptor and marker proteins ( Figure 2 ).
The knockin construct marked a small subset of vomeronasal organ neurons in heterozygous animals, and about twice as many neurons were labeled in homozygous mice. By tagging a V1R with two markers, Rodriguez et al. demonstrated that this is because a vomeronasal organ neuron expresses only one allele. In mice containing an allele of the V1R labeled with tau-lacZ and the other marked by tau-GFP, there were no cells expressing both markers. Why should there be monoallelic expression? It could simply be a consequence of the mechanism that specifies which receptor gene a neuron expresses. Rodriguez et al. [1] found, however, that mouse populations have multiple alleles of the gene they were studying, and they suggest that monoallelic expression could be important to prevent receptor heterogeneity within a single neuron.
The projections of neurons expressing the knockin markers converge in the accessory olfactory bulb [1, 2] . Unlike the very specific target glomeruli of the main olfactory epithelium neurons, the foci are broad. The 500 or so neurons expressing a single receptor project to multiple (10-30) glomeruli in the accessory olfactory bulb; some of these are clustered, but the clusters are widely distributed. Vomeronasal organ neurons synapse with mitral cells, which are distinguished from their counterparts in the main olfactory bulb by their connections to several scattered glomeruli. It is formally possible, therefore, that the projection pattern of the sensory neurons is matched by the dendritic array of the mitral cell, and in terms of connections is as precise as that of the main olfactory system. It is also possible, however, that mitral cells receive input from different classes of sensory neuron, and that considerable signal integration occurs at this level. The glomeruli in the accessory olfactory bulb are much smaller and less well defined than their counterparts in the main olfactory bulb. Both groups co-localized expression of the knockin gene with other neuronal markers, and identified some glomeruli that seem to contain only marked neurons. Belluscio et al. [2] , however, also found others that appear to receive input from neurons expressing different receptors. This too might be indicative of signal integration at the level of the mitral cells.
Using serial reconstruction, Belluscio et al. [2] showed that the projection patterns of two receptors are distinct. Therefore, just as the main olfactory system relies on a functional sensory map to distinguish odorants, it appears there is a functional projection map for the vomeronasal organ. The big surprise is that the spatial organization of the map is less apparent than that of the main olfactory epithelium neurons. For example, there is no symmetry between the left and right accessory olfactory bulb, and the projection map varies from animal to animal. Again, it is unclear whether the organization of secondary neurons in the accessory olfactory bulb masks similarity, or if there really are distinct patterns of connections between individuals and even between the left and right side of one animal. Intriguingly, given the different pheromonal responses of males and females, this study pointed to male-female differences in the projection map of one receptor.
Both groups also studied knockout animals where a marker gene replaced the coding sequence of a V1R [1, 2] . In these animals, many fewer neurons expressed the marker (and the number of marked neurons decreased with age). Marked neurons did not converge, but were widely scattered in the accessory olfactory bulb. The expression of a V1R gene is thus important for targeting, and probably for neuronal survival. But a specific role for a V1R in these processes appears to have been ruled out by an intriguing experiment performed by Rodriguez et al. [1] . When an To olfactory cortex R474 Current Biology, Vol 9 No 13 olfactory receptor was substituted for a V1R, about as many cells expressed this receptor as normally express the V1R it replaced. Moreover, the axons of these neurons converged in a few glomeruli that structurally resembled, but were spatially distinct from, the targets of neurons expressing the V1R from this genomic locus. Olfactory receptors are unrelated to V1Rs in sequence, and the normal components of their signaling pathway are not expressed in the vomeronasal organ. So it seems unlikely that specific sequence motifs of V1Rs or sensory signaling are required for neuronal convergence or survival.
In summary, we now know that the putative pheromone receptors -the V1Rs -of the vomeronasal organ, like their unrelated counterparts from the main olfactory epithelium, play a role in neuronal targeting. But the projection maps of these two chemosensory organs appear very different. The results presented in these new papers [1, 2] 
